Karyotypes of 127 individuals, representing 19 species of 10 genera of Brazilian marsupials (Didelphidae) were determined, with karyotypes of Gracilinanus emiliae and G. microtarsus, Marmosops incanus, Thylamys velutinus, and Philander frenata being described for the 1st time. The specimens were collected from 24 localities, in an area between 4ЊN (Surumú, Roraima) and 31ЊS (Mostardas, Rio Grande do Sul), in Brazil. Only 3 diploid numbers were found, 2n ϭ 14 in G. emiliae, G. microtarsus, G. agilis 
Currently there are about 270 species of marsupials. Two hundred of these occur in Australia and New Guinea and another 70 are found in the American continents (Gardner 1993; Groves 1993) . Australian marsupials are classified into 4 orders (Groves 1993) . Three are found in South America: orders Paucituberculata (1 family and 6 species); Microbiotheria (1 species); and Didelphimorphia, with only a single living family, the Didelphidae (Albuja and Patterson 1996, Gardner 1993) . Fourteen of the 15 genera of this family are known from Brazil. Retief et al. (1995) suggested that marsupials appeared 1st in North America and then dispersed to South America, with initial diversification of the Australian marsupials (as reflected in sequence analysis of the protamine gene) occurring before the separation of Australia, Antarctica, and * Correspondent: margarete.mattevi@ufrgs.br South America in the beginning of the Tertiary period. They also proposed that South American marsupials from the family Microbiotheria constituted the ancestral stock of the Australian marsupials, together with the bandicoot and Dasyuridae. Woodburne and Case (1996) consider this and other molecular evidence consistent with geological data and support the inference that the initial radiation of marsupials in southern South America was early and rapidly branched into 4 lineages.
Prior to our study, karyotypes of about 180 species of marsupials had been investigated (major series studied in South America were those of Palma and Yates 1996; Reig et al. 1977) . The data of both these surveys and the revision done by Hayman (1990) indicate that, typically, marsupial karyotypes consist of low diploid numbers (10-32), but such studies have mainly concentrated on Australian species (about 85%). The karyotype 2n ϭ 14 is the most frequently encountered diploid number, followed by 2n ϭ 22. Of 19 genera occurring in South America, species of genera Marmosops, Micoureus, Marmosa, Gracilinanus, Thylamys, Metachirus, Caluromys, Caenolestes, Lestoros, Rhyncholestes , and Dromiciops showed 2n ϭ 14 (Biggers et al. 1965; Casartelli et al. 1986; Curcuru-Giordano et al. 1974; Gallardo and Patterson 1987; Hayman and Martin 1974; Hayman et al. 1971; Hsu and Benirschke 1971; Palma 1995; Palma and Yates 1996; Reig et al. 1977; Rofe and Hayman 1985; Souza et al. 1990; Svartman and ViannaMorgante 1999) . Few of these studies were conducted in Brazil, where 2n ϭ 14 has been found in Caluromys lanatus, C. philander, Marmosa murina, Metachirus nudicaudatus, and Micoureus demerarae (Casartelli et al. 1986; Souza et al. 1990; Svartman and Vianna-Morgante 1999) .
The 2nd most-frequent diploid number (2n ϭ 22) in marsupials from South America was observed mainly in the genus Didelphis (aurita, marsupialis, and albiventris) from Brazil (Casartelli et al. 1986; Perondini and Perondini 1965; Svartman and Vianna-Morgante 1999; Yonenaga-Yassuda et al. 1982) and from other places in South America (Palma and Yates 1996; Seluja et al. 1984) . D. virginiana, the only species found in North America, presents 2n ϭ 22 with an increased number of biarmed elements (Perondini and Perondini 1965; Sinha and Kakati 1976) . Brazilian Philander opossum and Lutreolina crassicaudata were also found with 2n ϭ 22 (Svartman and Vianna-Morgante 1999; Yonenaga-Yassuda et al. 1982) . As in other places in the continent these 2 species and Chironectes minimus presented this same diploid number (Biggers et al. 1965; Palma and Yates 1996; Seluja et al. 1984) . The diploid number 18 has been observed only in the genus Monodelphis, in M. americana, M. brevicaudata, M. kunsi, and M. domestica of Brazil (Langguth and Lima 1988; Merry et al. 1983; Pathak et al. 1993; Svartman and Vianna-Morgante 1999) and Bolivia (Palma and Yates 1996) .
Considering the deficiency of studies in marsupials from Brazil, in this article we report for the 1st time the karyotypes of 5 species and of 14 other species collected from 24 localities comprising the major part of the Brazilian territory.
MATERIALS AND METHODS
Our sample consists of 127 specimens of 19 species from 10 genera of marsupials collected from 24 sites in an area lying between 4ЊN (Surumú, Roraima) and 31ЊS (Mostardas, Rio Grande do Sul) Baker et al. (1982) . C-banding and nucleolar organizer regions banding (NOR-banding) were performed according to Sumner (1972) and Howell and Black (1980) , respectively. For each preparation a minimum of 10 chromosome spreads were analyzed.
RESULTS
Eight of the 19 species studied showed 2n ϭ 14: all 3 species of the genus Gracilinanus, both species of Marmosops, and the sole representative of Marmosa, Micoureus, and Thylamys. We compared diploid and fundamental numbers (FN ϭ number of autosomal arms, as considered by Gardner and Patton 1976) , morphology of sex chromosome pair, and position of NORs of the species we analyzed with results reported in literature for these same species from other localities ( Table 2 ). The 3 species of Gracilinanus showed FN ϭ 24 with 6 pairs of biarmed autosomes, pairs 1, 2, and 3 being submetacentric, pair 4 being metacentric, and pairs 5 and 6 being submeta-telocentric. Sex chromosomes are the smallest pair in the karyotypes of the 3 species and Y chromosome is acrocentric in all of them. On the other hand, X chromosome is polymorphic in G. emiliae (Fig. 2a) , metacentric and acrocentric in exemplars from Serra da Mesa, and only metacentric in specimens from Corumbá; it is monomorphic submetacentric in G. microtarsus from all the localities studied ( Fig. 2b) and metacentric in G. agilis (Fig. 2c) . The 7 exemplars of Marmosa murina from the localities of Tartarugalzinho, Porto Nacional, and Serra da Mesa (Table 2 ; Fig. 2d ), presented an autosomal complement and a Y chromosome similar to those found in genus Gracilinanus. The X chromosome of the specimens from these 3 localities was acrocentric, but from Serra da Mesa a biarmed X was also found. Both Marmosops parvidens and Marmosops incanus displayed the same FN as that of other genera with 2n ϭ 14, but biarmed pairs 5 and 6 of M. incanus tend to be more nearly metacentric than those of the others. X and Y chromosomes are acrocentric in M. parvidens (Fig. 2e) , and X is metacentric and Y is acrocentric in M. incanus (Fig. 2f) . Micoureus demerarae had the most differentiated karyotype among species with 2n ϭ 14, because in the 3 localities where it was found it showed a large acrocentric X chromosome (larger than pair 6, Fig. 2g ). The 2 males of Thylamys velutinus (Fig. 2h) showed the same karyotype as that of Gracilinanus microtarsus, whose X chromosome is submetacentric.
Four species from the genus Monodelphis had 2n ϭ 18. Table 3 shows morphology of sex chromosomes and location of NORs of species we analyzed and of those from other places described in literature. M. kunsi ( Fig. 3a) presents FN ϭ 30, with 8 pairs (pairs 1-7) of biarmed autosomes and 1 acrocentric pair (pair 8). The X chromosome is submetacentric, whereas the Y is acrocentric, differing from other species, of this genus, that possess a minute Y chromosome. As in M. kunsi, M. brevicaudata collected from 2 sites in the Amazon (Fig.  3b) shows FN ϭ 30, although the acrocentric pair of the karyotype is pairs 6 and 8 is submeta-telocentric instead of acrocentric. The X chromosome is acrocentric. Karyotype of M. domestica (captured in Cerrado, Fig. 3c ) is similar to that of M. kunsi but presented FN ϭ 28 because of the substitution of the biarmed pair 6 by an acrocentric pair. The X chromosome is the same as that of M. brevicaudata (Fig. 3b) . At the locality of Serra da Mesa, in the Cerrado, a specimen was found with a submeta-subtelocentric X chromosome and a minute Y chromosome, probably a variant of M. domestica. The autosomes of M. dimidiata (Fig. 3d ) from southern Brazil are all biarmed (FN ϭ 32), and the X, a submetacentric, is similar to that of M. kunsi.
Seven species showed a karyotype with 2n ϭ 22 (genera Chironectes, Lutreolina, Philander, and Didelphis; Table 3 ). The autosomal complement is entirely acrocentric (FN ϭ 20) in C. minimus (Fig. 3e) , L. crassicaudata (Fig. 3f), D. albiventris, D. marsupialis, and D. aurita (Fig. 3g) , P. opossum (Fig. 3h) , and P. frenata (Fig. 3i) . Both sex chromosomes in these species are acrocentric, except for L. crassicaudata which has a metacentric X chromosome, and a specimen of P. frenata, from the locality of Sapiranga, with a Y that is metacentric.
Analysis of NOR-bands showed that in the group with 2n ϭ 14 (Table 2) , 4 species, G. emiliae, G. microtarsus, Marmosa murina, and Marmosops parvidens showed only a single NOR located in the short arm of pair 6 (Fig. 4a) . On the other hand, Micoureus demerarae from Serra da Mesa (locality 6.2) presented NOR-bands in 2 pairs, in short arms of pair 6 and long arms of 5 (Fig. 4b) , and from Maquiné, an additional pair of bands in the short arm of pair 5 (Fig.  4c ). In species with 2n ϭ 18, the NORbands occurred in 2 patterns: in the telomeric region of the short arm of pair 5 in Monodelphis dimidiata and M. kunsi (Table  3 ; Fig. 4d ) and in the telomeric region of the short arm of the X chromosome in M. brevicaudata and M. domestica (Table 3 ; Fig. 4e ). In species with 2n ϭ 22, NORbands were observed in 3 patterns (Table  3) : only in the short arm of a pair in C. minimus (Fig. 4f) , in 2 pairs (in the telomeric region of the long arms) in D. albiventris (Fig. 4g) , and in 2 pairs (but in the telomeric region of the short and the long arm respectively) in L. crassicaudata, P. opossum, and P. frenata (Fig. 4h) . In D. marsupialis and aurita NOR-bands were not analyzed.
The C-banding was analyzed in 6 taxa with 2n ϭ 14. Five taxa (G. emiliae, G. microtarsus, Marmosa murina, Marmosops incanus, and Micoureus demerarae from Minaçu) showed bands located at the pericentromeric regions of all autosomes (Fig.  5a ). In these species, both metacentric ( Fig.  5a .1) and acrocentric ( Fig. 5a .2) X chromosomes presented pericentromeric bands, sometimes enlarged in M. murina and G. emiliae; the exception was M. demerarae from Serra da Mesa whose X and Y chromosomes were fully heterochromatic (Fig.  5a.3) . In G. microtarsus, M. incanus, and M. demerarae the heterochromatic blocks Palma and Yates (1996) This work Palma and Yates (1996 ) Seluja et al. (1984 ) Yonenaga-Yassuda et al. (1982 This work Palma and Yates (1996 ) Seluja et al. (1984 ) Yonenaga-Yassuda et al. (1982 This work Perondini and Perondini (1965) This work of the short arm of pair 6 were sometimes absent. The specimens M. demerarae from Maquiné, however, presented a different Cbanding pattern, with C-band-positive material only in pairs 1-4, absent in the other autosomes, and with X chromosomes of the 1 female showing heteromorphic bands (Fig. 5b) . In all 6 taxa the Y chromosome was entirely heterochromatic.
Species with 2n ϭ 18 (Monodelphis dimidiata, M. domestica, M. kunsi, M. brevicaudata, Fig. 5c ) presented pericentromeric bands in all autosomes, the X chromosomes, and sometimes in the short arms of pair 5. In all these species the Y chromosome was entirely heterochromatic. In those species in which the Y is minute (M. dimidiata, M. domestica, and M. brevicaudata) , it did not stain using this technique. The X chromosome of M. kunsi showed, besides the pericentromeric block, bands in the telomeric regions of the short and long arms (Fig. 5c.1 ).
In specimens with 2n ϭ 22, C-bands occurred in the pericentromeric regions of the autosomes of C. minimus, D. albiventris, and D. marsupialis, P. opossum, and P. frenata (Fig. 5d ), but they did not occur in L. crassicaudata, which did not have constitutive heterochromatin in the autosomes (Fig. 5e) . The Y chromosome was entirely heterochromatic in all species analyzed in this group. In contrast, the X chromosome of C. minimus, D. albiventris, and D. marsupialis, P. opossum, and P. frenata displayed a pericentromeric band of heterochromatin ( Fig. 5d.1) , and in L. crassicaudata heterochromatic material was found in the pericentromeric region and the telomeric regions of both arms (Fig. 5e) . In D. aurita, the C-bands were not analyzed.
DISCUSSION
Metatheria characteristically present little karyotypic variability. Species of Didelphidae, for instance, show only 3 diploid numbers, 14, 18, or 22. In South America, as in Australia, 14 is the most frequent diploid number found in 22 (65%) of the 34 karyotyped species. Karyotypes with 2n ϭ 22 occurred in 8 species (23%) and 2n ϭ 18 were observed in 4 (12%).
Comparing G-band patterns of an Australian species with that of a South American species with 2n ϭ 14, Rofe and Hayman (1985) suggested that this diploid number was the ancestral karyotype and that the karyotype 2n ϭ 22 was derived from the former by means of centric fissions. In more-recent analysis, employing fluorescent in situ hybridization techniques in different species of family Didelphidae, we demonstrated the occurrence of telomere sites near the centromeres, indicating chromosome fission events (Carvalho and Mattevi 2000) . This finding also suggests that evolution of the marsupial karyotypes was derived from the 2n ϭ 22 number (Carvalho and Mattevi 2000; Svartman and Vianna-Morgante 1998) .
We observed karyotypes with 2n ϭ 14 in species of genera Gracilinanus, Marmosa, Marmosops, Micoureus, and Thylamys. Previous studies involving other species of the same genera also show strong chromosomal conservatism of the didelphids (Biggers et al. 1965; Curcuru-Giordani et al. 1974; Hsu and Benirschke 1971; Palma and Yates 1996) . In all individuals examined, autosomal complements did not vary, and when variation was documented it was restricted to the sex chromosomes. In this case, it may be shared by the species or it may be species-specific. The species with 2n ϭ 14 are also characterized by a single pair with NORs and by similar patterns of C-bands. In G. emiliae and M. murina, the NORs when in the telomeres coincided with the location of the C-bands.
Micoureus demerarae constitutes an exception by possessing 2 chromosome pairs with NOR-bands. This species also has karyotypes with different patterns of C-and NOR-bands in populations from the 2 biomes investigated, Cerrado and the southern area of the Mata Atlântica. We regard this as preliminary evidence suggesting they are distinct species.
The group with 2n ϭ 18, made up of species of Monodelphis, is much more variable in autosomes, sex chromosomes, and NOR-bands, both in taxa we studied and in those described in literature (Langguth and Lima 1988; Merry et al. 1983; Palma and Yates 1996; Pathak et al. 1993; Reig et al. 1977; Svartman and Vianna-Morgante 1999) . The genus includes 15 species, 5 of them with diploid numbers identified, with some differences reported in number of biarmed elements among species. Morphology of the sex chromosomes in this group proved to be geographically specific in some cases, as in the case of M. kunsi and M. dimidiata studied by us in Brazil, M. kunsi studied by Palma and Yates (1996) in Bolivia, and M. dimidiata studied by Reig et al. (1977) in Argentina. Species of genus Monodelphis that we analyzed and specimens of M. domestica studied by Merry et al. (1983) and Svartman and Vianna-Morgante (1999) are characterized by the same pattern of constitutive heterochromatin. Two patterns of NOR-bands occurred, with 2 species (M. brevicaudata and M. domestica) presenting bands only in the X chromosome and 2 (M. dimidiata and M. kunsi) with bands only in 1 pair of autosomes.
Species with 2n ϭ 22 that we studied and those described in literature from different regions of South America share the same autosomal complement and present few variations in sex chromosomes. This variability is found only in L. crassicaudata, which also shows a unique C-band pattern (Biggers et al. 1965; Casartelli et al. 1986; Palma and Yates 1996; Perondini and Perondini 1965; Seluja et al. 1984; YonenagaYassuda et al. 1982 ; this report). NORbands proved to be more variable, with 3 different patterns observed: a distinct pattern found in C. minimus; another pattern shared by P. opossum, P. frenata, and L. crassicaudata; and a distinct pattern in D. marsupialis specimens we studied from Brazil, which differed from those from São Paulo (Yonenaga-Yassuda et al. 1982) and from Uruguay (Seluja et al. 1984) .
The present study involved numerous individuals trapped in a wide portion of South America and reports the karyotypes of 19 species (5 of them described for the 1st time) of 10 genera of Brazilian marsupials. Our data allow us to extend the geographical range distributions originally proposed in literature for many of these taxa. This is the case for G. emiliae and G. microtarsus, originally described as inhabitants of biomes of Amazon and Mata Atlântica, respectively (Fonseca et al. 1996) , and which we collected in Cerrado and southern Campos. This is also true for M. parvidens and T. velutinus captured in Cerrado, whose occurrence previously was thought to be limited to Amazon Region and Mata Atlântica, respectively (Fonseca et al. 1996) . 
RESUMO

